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SUMMARY 
T HIS bulletin reports experimental procedure and data collected in a three-year study of the effect of irrigation furrow slopes and size of 
streams on the amounts of soil eroded from the furrows. Studies were 
made in 10 furrows on each of two farm experimental plots, the furrows 
being in different directions from a central water-stilling basin. The ex-
perimental plots were maintained fallow during the season-no crops were 
grown. Furrow slopes ranged from less than 1 percent to slightly more 
than 6 percent. Irrigation streams from 5 to 30 gallons per minute at the 
furrow inlet were measured first by means of triangular weirs and later 
with circular orifices. 
Five complete field e"xperimental runs were made on the Forage Experi-
mental Farm soil near Logan, and 6 runs were made on the sandy loam soil 
of the State Prison Farm about 20 miles south of Salt Lake City. 
The weight of water-free soil eroded in one hour from 200-foot furrows 
ranged from only a few pounds in a furrow of less than 1 percent slope to 
more than 1800 pounds in a furrow of 6 percent slope. 
Laboratory experiments were made by use of a 32-foot length, 5-channel 
wooden structure supported on a fulcrum near the middle and on hydraulic 
jacks at each end to permit adjustment of furrow slopes. Three different 
soils were used in the laboratory, the Forage Experimental Farm loam, a 
Box Elder County sandy loam, and the Prison Farm sandy loam. Experi-
ments were made with V -shaped furrows and with flat-bed furrows, using 
streams ranging from 5 to 15 gallons per minute in each furrow. The slopes 
of the laboratory furrows ranged from 0.2 percent up to 4.0 percent, and 
the weights of soil eroded in one hour from one furrow ranged from zero 
up to 260.8 pounds. 
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FOREWORD 
'EARLY in the second half century of Experiment Station activity, the 
problem of soil erosion as influenced by irrigation methods was in-
cluded in the station research program. Beginning in 1940 the Station, in 
cooperation with the Office of Research, Soil Conservation Service, ini-
tiated studies of erosion accompanying furrow irrigation, looking toward 
development of knowledge concerning the slope of furrows and size of 
irrigation streams for different soils as a basis for developing principles of 
irrigation practice which will enable irrigators to reduce erosion and also 
to provide, in so far as practical, conditions favoring high water-applica-
tion efficiencies. The cooperative research was divided into two major 
parts. The first part concerns the more technical and mathematical aspects 
of irrigation practice and the erosion problem, with a view to establishing 
mathematical relations between the factors that influence erosion. The 
second part concerns primarily field and laboratory studies looking toward 
early contributions that may assist engineers and their associates who are 
working toward the solution of field erosion problems, in so far as the 
influence of size of stream and slope of furrow affect these problems. The 
methods of procedure and the experimental results reported herewith con-
stitute a report of the second part of the research. 
An article entitled, "Erosion as a function of the size of the stream and 
the slope of the eroding surface," reporting progress on the more technical 
and mathematical aspects of the problem will appear in an early number 
of Soil Science. 
R. H. WALKER, Director 
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Soil Erosion Experilllents 
In Small Irrigation Furrows 1 
Orson w . .Israelson, George D . Clyde, and Cyril \VI. Lauritzen :! 
INTRODUCTION 
OUT of the long list of nature's gifts to man, none is perhaps so utterly essential to human life as soil. And topsoil is the most vital part of 
soil ... Lying at an average depth of about 7 or 8 inches over the face of 
the land, this upper layer of the soil is the principal feeding zone of the 
plants, which provide food for human or livestock consumption, fiber for 
clothing, and timber for shelter. Soil constitutes the physical basis of our 
agricultural enterprise; it is a sine qua non in the production of practically 
all food (except fish), of all fiber (without exception), and of all wood 
(without exception). Under many conditions, however, it is the most 
unstable of all major natural resources. 
"Over a period of many generations, farmers in America and in foreign 
lands have developed, largely by a process of trial and error, a number of 
devices and practices for the control of erosion and the retardation of 
runoff. In recent years, agricultural technicians have studied these meas-
ures, tested their effectiveness under varying conditions, and made some 
valuable improvements. Today there is a practical solution, or a partial 
solution at least, for virtually every erosion problem."3 
Public recognition of the great need for erosion control in the United 
States has been increased during the past decade by the activity of the Soil 
Conservation Service under the direction of Dr. H. H. Bennett, author of 
the above two paragraphs. The devices and practices for erosion control, 
above mentioned, refer to erosion on all sloping land surfaces, cultivated 
and virgin, grasslands, and timberlands, by the natural flow of water from 
rains and melting snows. A major objective of the soil erosion experiments 
reported in this bulletin is to find for cultivated furrow-irrigated lands, 
relations between furrow slope, size of stream, and erosion that will enable 
engineers and irrigators to develop "devices and practices for the control" 
of erosion caused by irrigation. 
In Utah and other western states it is a common custom on irrigated 
farms to apply water either by the flooding or by the furrow method. It 
is also customary on a large percentage of the irrigated area, to run the 
lReport of progress on project 210-Purnell. 
2Research professors of irrigation and drainage, Utah Agricultural Experiment Station 
and soil technologist, Soil Conservation Service, respectively. 
3Bennett, H. H. Soil conservation. New York, McGraw-Hill, 1939. pp. 5 and 14. 
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water down the steepest slopes which vary from 1 percent or less to as 
much as 12 percent or more. Thus, the soil is carried by the irrigation 
water from the upper end of each irrigated field and part is deposited at 
the lower end, some being carried away from the field in waste water. The 
effect of this process (erosion on the upper ends and deposition on the 
lower ends of the fields) is very noticeable on many of the farms in Utah. 
In some places the lower end of one farm is 3 to 4 feet higher than the 
upper end of the next farm below. Also the land surface at the lower end 
of the field is almost level, owing to deposition of surface soil eroded from 
the upper end. The gray color of the remaining upper-end soil is evidence 
that the top soil has been nearly or totally removed. Excellent growth of 
crops shows where the soil has been deposited-lack of growth shows where 
there has been severe erosion. 
For each type of soil, two major factors influence the erosion caused by 
irrigation water, namely; the land slope along which water is applied, and 
the size of the stream used. 
Soils vary widely in resistance to erosion and also in permeability. These 
factors are interrelated in irrigation practice. If, for example, the slope 
is excessive and the permeability is low, large irrigation streams run quickly 
over the land surface causing excessive erosion and permitti~g but little 
infiltration of water into the soil. On soils of low permeability, even 
though resistance to erosion may be high, it is usually good practice to 
avoid excessive slopes in order to increase infiltration. On the other hand, 
in the irrigation of soils of high permeability, the use of slopes of 1 percent 
or less and of small irrigation streams results in excessive infiltration near 
the head ditches, large water losses by deep percolation below the root zone 
and consequent low water-application efficiencies, even though this pro-
cedure has the advantage of prevention of soil erosion. 
STUDIES OF EROSION IN IRRIGATION 
FURROWS 
A s mentioned briefly in the foreword, the erosion studies conducted by the authors, concern primarily field and laboratory "research looking 
toward early contributions that may assist engineers and their associates 
who are attempting to solve the more urgent field erosion problems, 
in so far as the influence of size of stream and slope of furrow influence 
these problems. The data reported herewith, which concern the second part 
of the research, were obtained in field studies on two experimental plots 
and in laboratory studies with specially-constructed wooden flumes with 
different slopes. 
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Soils Used in the Erosion Experiments 
In the soil erosion studies reported herein, three soils have been used, namely: 
Soil number Farm and county 
Silt loam, Forage Experimental Farm, Cache County, soil was 
used in field experiments only. 
2 Sand taken from a Box Elder County farm was used for labora-
tory experiments only . 
3 Sandy loam, Prison Farm, Salt Lake County, soil was used III 
field and laboratory work. 
Mechanical analyses of these 3 soils were made during late 1941 and 
early 1942 by .the combined sieve and hydrometer methods. '" The results 
of the mechanical analyses are presented in table 1, which also contains 
data concerning other physical properties of the soils . The soil particle size 
distribution for the 3 soils is presented in the curves of figure 1, in which 
Table I-Mechanical analy ses of the three soils 1tsed in the erosion st1tdies as made by the 
Utah State Road Commission i1~ its Salt Lake City 'laboratory 
2 
Forage Experi-
mental Farm 
Physical soil property silt loam 
Cache Coun ty 
percent 
Gravel . . . . .. .. ...... 0.2 
Coarse sand .......... 1.2 
Fine sand .......... 5.8 
Silt 61.0 
Clay . ...... . . . 32 .0 
Sums 100.2 
Colloids ... . . . . . . . . . . . 6.5 
Hygroscopic moisture 3.8 
Liquid limit 43.3 
Plastic limit 19.4 
Moisture equivalent 21.1 
Specific gravity .... 2.62 
Angle of internal friction, degrees. 4 ° 35' 
Cohesion, pounds per sq. in. 4.0 
Classifica tion: 
From Hogentogler, Engineering Silty clay 
properties of soils, New York, 
McGraw-Hili Book Co. , 1937, 
Fig. 4, Textural - classification 
cha~t, p. 36. 
4 
Deweyville Prison farm 
farm sand sandy loam 
Box Elder Salt Lake 
County County 
percent percent 
0.1 0.5 
9.9 64.2 
68.6 7.8 
15.5 12.0 
6.0 16.0 
99.1 100.5 
3.0 10.0 
0.7 0.7 
21.4 24.8 
19.7 18.7 
4.9 8.9 
2.58 2.48 
18 ° 22' 29 ° 21 ' 
2.5 2.0 
Sandy loam Sandy loam 
4These analyses were made in the Utah State Road Commission Soil Mechanics Labora-
tory under the direction of Joseph Parmley, materials engineer. 
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each soil is designated by number as above. Figure 1 shows that soil number 
1, the Forage E xperimental Farm soil, has a much larger percentage of fine 
particles than either of the other two soils. For example, more than 50 
percent by weight of soil 1 has particles smaller than 0.01 millimeter in 
diameter, whereas, only 24 percent of soil 3, and 10 percent of soil 2 h ave 
such small particles. 
100 
90 ~-- ~ ... L , / 
80 /' I' " / 70 , I ,/ j 
liJ ~/ I / , 
50 S ~i l~/ S il 21.: S :>i 3-7 
40 ~/ I / 
30 1'/ 
J __ ~ I--" 
20 V .."., ...-- ,-.. ' 
10 ~::::.- ........ - --- -" 
---
~-~ .- --- I""- .- --1----- I I II I II 
11'\ ~ ~ g S~ g§ ~ ~§~ ~§ ~~~~. ~~ ~ ~ 8 8 & &~ &q 0 000 00 • . . . .. . . . .... . . 
Particle Size - m.m. r-l C\l 
Fig. I-Grain size distribu t ion curves of the three soils used in the eros ion stud ies 
The Forage Experimental Farm is located 4 miles south of Logan; the 
Box Elder County Farm is located near Deweyville; and the State Prison 
Farm, 20 miles south of Salt Lake City. Th~ Prison Farm experimental 
tract is east of U. S. Highway 91, northeast of the Jordan Narrows. 
Methods of Procedure and Description of the 
Farm Experimental Plots and Furrows 
In the field erosion studies on both farms, water was applied from a 
central-point stilling basin to furrows radiating out in different directions 
on different slopes. 
On the Forage Experimental Farm all of the furrows were 240 feet in 
length, and furrow-bed slopes ranged from a minimum of 0.59 percent to 
a maximum of 2.88 percent. Furrows on both loca tions are numbered in 
the order of increasing slopes; the letters A, B, C, etc., to J being used 
for the Forage Experimental Farm· (table 3) and the numbers I, . II, III, 
etc., to X for the Prison Farm furrows (table 5). The furrow slopes on 
the Prison Farm ranged from 0.35 percent up to 6.07 percent. For the 
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1941 studies 5 of the Prison Farm furrows were 300 feet long and 5 were 
200 feet. 5 For the 1942 studies all of the furrows were 200 ' feet long. 
Rectangular wooden boxes 42x12x12 inches with sliding wooden control 
gates were used for inlet structures. The water-stilling basin of the Forage 
Experimental Farm is shown in the foreground of figure 2 and some of 
the radiating furrows are shown in the background. At the downstream 
ends of the inlet boxes, burlap bags and rock were used to prevent erosion 
at the inlet. On the Forage Experimental Farm, water was measured to 
each furrow by means of a 90-degree notch triangular weir, placed in the 
inlet structure. At the lower end of the furrows, with the use of a specifcll 
outlet structure, samples of the water and eroded soil were collected by 
placing 5-gallon cans in a buried wooden box under a suspended metal 
trough for short periods, usually 30 to 60 seconds . The entire outlet stream 
was collected in a 5-gallon can for one-fourth minute or one-half minute 
at 15 minute intervals until 5 samples were obtained in a one-hour period. 
The same methods of procedure, essentially, were followed in the field 
erosion studies on the State Prison Farm during 1941. Figure 3 shows the 
Prison Farm stilling basin full of water during an experimental test in 1941. 
During the second year of Prison Farm tests, the water delivered to each 
furrow was measured with a circular orifice as shown in figure 4. The 
5Lack of uniformity in the slope of the land toward the north prevented making all of 
the furrows 300 feet long. 
Fig. 2-Inlet control gates .1nd experimental furrows, looking downstream, and the empty 
stilling basin in foreground. Forage Experimental Farm 
Fig. 3-Still"ing basin, inlet control gates, and weirs used 10 1941 Prison FJrm erosion 
studies 
iron bulkhead and the stilling basin pond used in the 1942 Prison Farm 
studies are shown in figure 5. 
. Water for experimental use on the Prison Farm was taken from a large 
concrete storage tank, and conveyed in a 33 o-foot clay-lined ditch to the 
stilling basin. A bulkhead was placed on each side of the stilling basin so 
that 5 furrows were served by each structure. Openings were made in the 
bulkheads in order that different sized orifice plates could be attached, 
depending upon the required discharge. The orifice openings were circular 
and sharp-crested. Corks were used to prevent flow from the orifices 
when not in use. 
Fig. 4-1ron bulkheads and orifices used in 1942 Prison Farm erosion studies, looking 
upstream 
Fig. 5- Iron bulkhead and stilling basin u ed in 1942 Pri on Farm erosion studies, looking 
down tream. \ '(fater supply ditch i ho n in upper right, and experimenta l 
f u rrow ( 1 to 5) in upper left 
Construction of Furrows and Profile Measurements 
A caterpillar tractor and a leveler were used to bring the furrow to 
approximately a uniform grade. After the average grade of the furrow 
was determined, stakes were driven at 20-foot stations on the center line 
of each furrow. At each station a heavy stake (2x2x36 inches) was driven 
on each side of, and 3 feet from the center line as shown in figure 5. These 
stakes wer~ driven to the same grade as the center line with about 1.5 feet 
of the stake left above the ground. The tops of the large stakes were used 
as reference planes for all profile work on. the furrows. By measuring down 
from a cross-bar placed on top of parallel stakes at each station, minor 
variations in the ground surface or water surface slope could be detected. 
The Furrows 
The furrows were made while the moisture content was low and the soil 
was easily cultivated. A shovel plow attached to a gasoline-driven culti-
va tor was used. The plow went about 5 inches deep, and the soil fell back 
into the furrow leaving it about 4 inches deep. 
After the furrows were completed, a profile of the furrow bottom was 
made to detect and correct any serious variation in furrow slope.6 Also in 
some insta·nces on both furrows, preliminary experimental runs were made 
for the purpose of correcting irregular slopes and making the profile uni-
form. 
The effect of the slope on soil erosion is illustrated for the Prison Farm 
in figures 6 and 7 . Figure 6 shows excessive erosion at the upper end of 
61£ much variation existed, excessive erosion occurred along parts of the furrow and 
deposition along other sections. 
Fig. 6-Lower end of Prison Farm f urrow 
on excessive slope of 6.07 percent 
after a test with a stream of 30 
ga llons per minute, showing serious 
erosion caused by heavy slope 
of the furrow having a slope of 
6.07 percent, and deposition of soil 
near the outlet. The stream was 30 
gallons per minute. Figure 7 shows 
the condition of furrow II havin g a 
slope of 0.57 percent after a one-
hour experimental test, also with a 
stream of 30 gallons per minute. 
Even fine soil particles were not 
carried through the furrow, al-
though some ripple development in 
the bed of the fu rrow is evident. 
Serious varia tions m furrow 
slopes were corrected by hand 
methods with a shovel and rake . 
The corrected furrows w ere agam 
cleaned out and new measurements 
made. This process was repeated for 
each furrow until all furrows haJ 
satisfactory and uniform slopes. 7 
F inal checking for uniformity in 
furrow slopes was facilitated by 
measurement of water surface slopes 
as shown in figure 8. 
Soil Eroded 
The amounts of soil eroded, as reported herein, represent the soil that 
was moved entirely through each furrow and collected at the outlet struc-
ture. In some cases, despi t e specia l effort to obtain uniformity of f urrow 
7Three different type of furrow profiles were made. Two profiles were made of the 
bottom of the furrow, one before and one after the ru n. The third type of profile was of 
the water surface during the r un. By plotting the profile measurements, variations in slope 
of t he water surface and furrow bottom were easily detected. 
The profile measurements on all Prison Farm runs except 5 and 6 were made by measur-
ing down from the crossbar at each station to the ground surface or water surface with a 
f lexible steel tape. The measurements on runs 5 and 6 were made with the device shown in 
figure 8, which was used in place of the flexible steel tape. The device was made of hard-
wood 14 x l ~ inches in cross ection. The arm was 32 inches long and had a crosspiece 
attached to the lower end. The arm wo uld be lowered until the end made COntact with 
t he water surface. The crosspiece wo uld then be ad justed until it was parallel with the 
water surface, the arm being ra i ed or lowered until the crosspiece just made contact with 
the water surface. In this po ition, the d istance from the crossbar to the water surface 
was read from a scale g raduated in feet on the side of the ar m. 
Fig. 7-Pri on Farm furrow on m oderate 
slope of 0.57 percen t after a re t 
with a stream of 30 ga llons per 
minute, hawing n eg ligib le era ion 
lope from inlet to outlet, there was 
considerable erosion near the upper 
. ends of the furrows and deposition 
of material near the lower ends. 
This movement of soil-erosion and 
deposition within the furrow-w:l s 
observed but not measured. The 
term "erosion" as used herein In-
cludes only the soil collected at the 
furrow outlet. 
FORAGE 
EXPERIMENT AL 
FARM EROSION 
STUDIES 
D URING the period August 1 to November 1, 1940, five erosion 
experiments were conducted in each 
of the ten furrows of the Forage Ex-
perimental Farm. Table 2 shows the time of conducting each experiment 
and the average stream fiow for all of the furrows in gallons per minute 
at the inlet- and outlet-ends of the furrows .1i The inlet streams were con-
stant for each experiment and the outlet streams variable. For example, 
Table 2-Tillle alld stream /lolIJ ill/ormation concel"11 ing the Forage Experimental Farm 
rrosion eXprrilll l' lIts 
Experiment 
number 
4 
Month and day 
test was begun 
1940 
August . . . . . . . . . 
October 1 .... 
October 5 
October 11 ... 
Tovember 1 
4 
Average stream flow at: Ratio of 
outlet to 
Inlet Outlet inlet stream 
g.p.1I1. g.p.m. perce1lt 
10 5.8 58 
10 5.8 58 
20 15 .8 79 
30 24.7 84 
20 15.9 79 
' The reader need only remember that cubic-foot per second equals 450 gallons per 
minute (approximately ) in order to find the fractional part of a second-foot (c.f.s.) used 
in any of the furrows. For example, 10 gallons per minute equals 1/45 cubic-foot per 
second . 
Fig. 8-Mea uring elevation of the Prison Farm furrow water surface to find profile and 
slope 
in experiment 1 with a 10 gallon-per-minute inlet stream the outlet stream 
varied from 3.6 in furrow B to 7.6 in furrow H. The average number of 
gallons per minute absorbed by the soils may be found by subtracting col-
umn 4 from column 3. In experiments 1 and 2, for example, the average 
outflow stream was 5.8 gallons per minute, or 58 percent of the inflow 
stream. It is therefore evident that an average of 4.2 gallons per minute, 
or 42 percent of the inflow, was absorbed by the soil. 
In preparation for these 5 experiments the soil was cultivated and the 
furrows made only twice, the first time before experiment no. 1 and the 
second time before experiment no. 5. The amounts of soil eroded from 
each furrow during the first hour for experiment nos. 1 and 5, when the 
soil was in a loose, friable condition, are pres en ted in figure 9. 
Results of Forage Experimental Farm Tests 
Detailed results of the tests on the Forage Experimental Farm are pre-
sented in table 3. The furrows are listed in order of increasing slopes. 
Columns 1, 2, and 3 are self-explanatory. Column 4 minus column 5 
shows the flow (,f water absorbed by the soil in each furrow in each test. 
In furrow A, for example, in experiments 1 and 2, the loss of water in the 
furrow was 4.6 g:tllons per minute, or 46 percent of the inflow. Usually 
the percentage infiltration was less in the furrows of steeper slopes, it wa 
also less for the larger streams. 
The results in column 6 of table 3 are based on five short-time samples, 
as previously explained, and on the assumption that the rate of change in 
erosion was uniform in the I5-minute period between sampling. In experi-
ment no. 3, for example, in furrow], having a slope of 2.88 percent, the 
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weight of dry soil collected in the first I5-second sample was 0.48 pound, 
and in the second sample after a I5-minute period, the weight of soil 
collected was 0.20 pound. On the basis of the above assumption, the 
Slope of furrolll-p l'rcm t 
Fig. 9-The relation of erosion to furrow slope as shown by experiments number 1 and 5 
on the Forage Experimental Farm 
erosion would be 0.34 pound each one-fourth minute during the first 
I5-minute ,period, thus amounting to 20.4 pounds during the 15 minutes. 
Similar computations for each I5-minute period, to find the amounts of 
soil eroded in one hour, show that 51.2 pounds were eroded from furrow J 
in test number 3. 
The increases in amount of soil eroded from each furrow as the streams 
were increased from 10 to 30 gallons per minute are noteworthy. In 
furrow A the erosion increased from 0.9 pound in experiment 2 (after the 
loose- soil had been eroded in experiment 1) to 33 pounds; in furrow B 
from 1.7 to 27.5 pounds; in furrow C from 9 to 131.1 pounds. Thus in 
these furrows trebling the size of stream increased erosion 37, 16, and 15 
times, respectively. In the three furrows of greatest slopes, increases were 
much smaller, apparently because a larger part of the loose soil was eroded 
T able 3-P01mds of d ry soil eroded f rom eacb furrollJ in eacb of tbe t est s on tbe Forage 
Ex perim ental Farm 
4 6 7 
Stream in furrow, Soil eroded, 
Slope of Experiment gal. per min., at: lbs. per hour 
Furrow furrow, or test A djusted 
percent number Inlet Outlet Actual . to average 
outflow 
A 0.59 10 5.4 5.4 5. 8 
2 10 5.4 0.9 1.0 
3 2 0 13 .3 4.9 5.8 
4 30 20.5 3 3.0 40.0 
20 9.7 12.7 20.8 
B 1.13 10 3.6 33.9 54.6 
2 10 5.3 1.7 1.8 
3 20 I .L5 6. 5 7.6 
4 30 23.0 27. 5 29 .5 
20 13.2 35 .9 43.2 
C 1.32 10 6. 6 37.8 33 .2 
2 10 5.0 9.0 10.4 
3 20 15 .6 47.7 48.2 
4 30 23 .8 131.1 136.3 
5 20 16.3 64.4 63 .8 
D 1.64 10 6.5 47.4 42.3 
2 10 4.7 7.9 9.7 
3 20 15.6 58 . 1 58.7 
4 30 25.3 184.6 180.4 
20 16.7 124.5 118.5 
E 1.85 10 4.8 59.2 71.5 
10 5.2 10.4 11.6 
20 14.7 85.3 91.3 
4 30 24.8 198.3 198.0 
20 16.6 178.7 171.4 
F 2.16 10 6.3 96.5 88.8 
10 6.9 76.3 64.1 
20 17.7 71.5 63 .6 
4 30 26.5 198.3 184.4 
20 17.6 251.4 226.3 
G 2.55 10 5.7 109.0 110.0 
10 7.0 85.0 70.6 
20 17.6 90.9 81.8 
4 30 27.6 176.9 159.2 
20 18.0 295.5 261.0 
H 2.59 10 7.6 148 .9 105.7 
2 10 6.9 108.4 91.1 
3 20 16.8 28 .3 26.6 
4 30 26.1 106.8 101.2 
5 20 16.3 298.4 291.4 
2.7 3 1 10 6.2 93 .6 87.6 
2 10 5.1 72.3 82.4 
3 20 15.2 50 .2 52.4 
4 30 22.8 166.9 180..8 
5 20 15.7 275.5 279 .0 
J 2.88 10 5.6 118.1 122.2 
10 6.2 72.1 67.4 
20 18 .0 51.2 44.8 
4 30 2 6.8 192.3 177.1 
5 20 17.4 327.7 299.2 
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by the 10 gallon-per-minute stream. It is important to remember in the 
study of table 3 that the furrows were not cultivated before tests 2, 3, 
and 4. 
The figures in column 6 of table 3 for each experiment represent not 
only the effect of slope on erosion, but also to some extent the effect of 
small differences in size of stream at the outlet ends of the furrows . 
The results of an attempt to adjust for these differences are shown in 
column 7. In experiment no. 2, for example, the flow from furrow A 
was 5.4 gallons per minute; from furrow G, 7.0 gallons per minute, and 
from furrow H, 6.9 gallons per minute; whereas, the average flow from 
all of the 10 furrows at the furrow outlets was 5.77 gallons per minute. 
To make the erosion from each furrow more nearly comparable to the erosion 
the average stream of 5.77 gallons per minute at the outlet would have caused, 
the measured erosion, for example 85.0 pounds per hour from furrow G 
shown in column 6, is multiplied by 5.77 giving 70.6 as shown in column 7. 
7.00 
The average flow from all of the furrows at the furrow outlets for experi-
ments 3 and 4 was 15.79 and 24.73 gallons per minute, respectively. Using 
these averages and the outlet streams reported in column 5 for each furrow 
at each experiment, the adjusted amounts of erosion show in column 7 
of table 3 have been computed. !> The average amounts of infiltration 
into the soil in all of the furrows for experiments 1 to 5, inclusive, were: 
42,42,21,16, and 20 percent, respectively, of the stream flow at the fur-
row inlets. 
Influence of Furrow Slope 
Figure 9 shows that erosion of loose soil from the furrows of steeper slopes 
was much greater than from the furrows of small slopes. The points 
enclosed in circles show amounts of soil eroded in experiment no. 1 from 
each furrow with an inflow stream of 10 gallons per minute, and adjusted 
to an average outflow stream of 5.8 gallons per minute. 
The pounds of soil eroded from each furrow in experiment 5 with an 
inflow stream of 20 gallons per minute, adjusted to an average outflow 
from the 10 furrows of 15.9 gallons per minute, are shown in figure 9 
by the points enclosed in triangles. 10 
!>The cross-section area of the furrows on the Forage Experimental Farm was measured 
at 15-foot stations before the test and again after. In many cases because of soil deposition, 
the cross-section area was actually smaller after the test than before. It was attempted to 
estimate the volume of soil eroded by measuring the cross-section-area differences, but the 
results thus obtained did not agree closely with the results obtained by the sample method, 
which are reported in columns 6 and 7 of table 3. 
10Willard Gardner in 1938, at the meeting of the Western Society of Soil Science sug-
gested the equation 
E=kS" Q 
(conti~ued - on next page) 
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Footnote 10 continued 
as a probable relation between erosion and slope and size of stream in which: 
E = soil eroded in one hour from a furrow having a slope, S, and 
k = a constant from a given soil showing soil eroded in one hour on a one-percent slope 
n = an exponent, the magnitude of which is to be determined by experiment 
Q = the average outflow stream. 
The curves of figure 9 are plotted from the equation 
E=2.76 S2Q. 
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Time-Rate of Erosion 
The time-rates of erosion f rom the Forage Experimental Farm furrows at 
each of the 5. measurements during the hour are shown in figure 10. The 
upper curve shows the averages of results from experiments nos. 1 and 5 
when the soil was in a very loose condition immediately after making 
the furrows . The lower curve gives the average results from experiments 
2, 3, and 4 when the soil was in a more compact condition following 
previous erosion tests. Each of the 5 points in the upper curve is based 
on 20 measurements and each one in the lower curve on 30 measuremen ts. 
Both curves, the upper and the lower, show a marked decrease in the 
time-rate of erosion as time advances during the hour of the test. The 
lower curve, showing a decrease from 150 pounds per hour during the 
first ~est to 46 pounds per hour during the last one, is probably more 
uniform and consistent than the upper one. 
PRISON FARM EROSION STUDIES 
T wo experimental tests were made on the Prison Farm during September and October, 1941. Four tests were made during the period August 5 
to September 23, 1942. The average amounts of water used at the inlets 
to furrows and the average for all of the furrows as measured' at the outlet 
ends of the furrows are shown in table 4 . The ratio of the average outlet 
stream to the inlet stream is also presented in table 4. 
Table 4-Time and stream flow information concerning the Prison Farm erosion experiments 
Experiment 
number 
2 
3 
4 
5 
6 
2 4 
Average stream in furrow, 
gallons per minute, at: 
Month, day and year Inlet Outlet 
Sept. 26, 1941 10 6.0 
Oct. 24, 1941 21 17.5 
Aug. 5, 1942 15 8.2 
Aug. 26, 1942 25 24.6 
Sept . 4, 1942 30 23.7 
Sept. 23, 1942 20 l3.5 
Results of Prison Farm Tests 
Ratio of outlet 
stream to inlet 
Percent 
60 
83 
55 
98 
79 
68 
Detailed information concerning slope of the furrow, the inlet stream, and 
the amount of soil eroded in each furrowll in the Prison Farm tests is 
reported in uble 5. The furrows are arranged in order of increasing slope, 
from 0.35 percent for furrow I to 6.07 percent for furrow X. 
llExperiment 2 included a study of only 3 furrows because of the interference of heavy 
storms after the work was begun. 
Table 5-P01tl1ds of dry soil eroded from each furrow in each of the six ex j){:riments all t b e 
Pris011 Farm 
4 6 7 
Soil eroded, 
Stream in furrow, Ibs. per hour 
Slope of Adjusted 
Furrow furrow, Experiment Inlet Outlet to average 
number percent number g.p.m. g.p.m. Actual outflow 
0.35 15 2.3 0.4 1.4 
4 25 24.9 5.1 5.1 
30 17.6 43 .8 58.9 
6 20 10.7 11.2 14.1 
II 0.57 10 1.9 0.9 2.8 
21 15.0 5.0 6.5 
15 5.6 1.6 2.3 
4 25 23.4 20 .6 21.7 
5 30 19.9 63 .8 75 .9 
6 20 11.7 29.9 34.5 
III 1.15 10 3.1 3.8 7.4 
15 5.2 5.2 8.2 
4 25 25 .8 96.8 92.3 
5 3 0 22 .1 174.0 186.6 
6 20 12.2 50 .0 55.3 
IV 1.20 10 3.4 2.5 4.4 
2 21 17.4 29.7 29.9 
3 15 7.3 2 .6 2 .9 
4 25 24.7 64.8 64.5 
'5 30 24.6 151.0 145.5 
6 20 13.3 48 .1 48.7 
V 1.94 10 8.5 50.3 35 .5 
2 21 19.8 97.6 86.3 
3 15 10.3 38.4 30.6 
4 25 24.8 180.0 178.5 
5 30 27.5 369 .0 318.0 
6 20 14.6 140.0 129.5 
VI 2.18 1 10 3.9 13.4 20 .6 
3 15 9.5 44.8 38.7 
4 25 35.5 325 .0 204.0 
5 30 24.5 371.0 358 .9 
6 20 14.7 192.0 176.3 
VII 3.64 10 9.6 131.0 81.9 
21 17.9 361.0 352 .9 
15 12.2 128.0 86.0 
4 25 18.7 484.0 636.7 
30 25.3 718.0 672.6 
6 20 14.7 374 .0 343.5 
VIII 3.66 10 6.9 77.7 67.6 
1 '5 10.0 137.0 112 .3 
4 25 26.1 553.0 521.2 
5 30 24.2 755.0 739.4 
6 20 14.8 350 .0 319.3 
IX 4 .92 10 8.0 242.0 181.6 
15 9.6 182.0 155.5 
4 25 22.8 825 .0 890.1 
5 30 25.0 1098 .0 1040.9 
6 20 15.1 680.0 592 .3 
X 6.07 1 10 8.8 471.0 321.1 
3 15 10.2 484.0 389.1 
4 25 19.1 1142.0 1470.8 
5 30 26.0 1811.0 1650.8 
6 20 13.6 796.0 803 .5 
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It will be noted in column 4 that the inlet streams were 15, 25, and 3 0 
gallons per minute for experiments 3, 4, and 5, respectively. For experi-
ment 6 the stream was reduced to 20 gallons per minute. Inspection of 
the data presented in columns 6 and 7 of table 5 shows marked increase in 
the erosion from each of the 10 furrows as the flow of water was increased 
from 15 to 30 gallons per minute. In furrow IV, for example, having a 
slope of 1.20 percent, the "adjusted" erosion as shown in column 7 of table 
5 was increased from 2.9 up to 145.5 pounds during the hour, by increasing 
the flow from 15 to 30 gallons per minute. Also in furrow VII the amount 
of soil eroded was increased from 86 to 672 pounds during the hour by 
increasing the inlet stream from 15 to 30 gallons per minute. Similar 
comparisons can be made from table 5 for all of the 10 furrows in the 
Prison Farm tests. 
It is important to note, however, that the average outlet stream for 
experiment no. 5, as shown in table 4, was 23.7 gallons per minute, and 
that of no. 3 was only 8.2. Thus, doubling the inlet stream in experiment 
5 made the outlet stream approximately 3 times that of experiment 3. 
Referring again to table 5 it is shown in column 5 that for the furrow 
of lowest slope, I, the ratio of the outlet stream of experiment 5 to that 
of experiment 3 is nearly 8. The same ratio for furrow II, having the next 
smallest slope is 3.5 and for furrow X, having the largest slope, it is 2.5. 
The corresponding three ratios of amounts of soil actually eroded by doubl-
ing the inlet streams and in decreasing the outlet streams from 8 times to 
2.5 times, as computed from the figures in column 6 of table 5, are 110,40, 
and nearly 4. 
Influence of Furrow Slope 
The influence of furrow slope on the amounts of soil eroded may be noted 
by comparing the amounts eroded from the different furrows in anyone 
experiment as shown in column 7 of table 5. In experiment 4, for example, 
the erosion from furrow III, having a slope of 1.15 percent, was 92.3 
pounds during the hour, whereas for furrow X, having a slope more than 
5 times as large, the erosion was 1470.8 pounds. In this one case, the in-
creasing of the slope more than 5 times increased the erosion 16 times. 
The amounts of soil eroded from each furrow in experiments 5 and 6 
in relation to furrow slopes are shown more clearly by the circles and 
squares, respectively, of figure 11. In nearly every case the increase in 
slope increased the erosion. The curves of figure 11, like those of figure 
12 are based on a mathematical equation which seems to repre~ent approxi-
mately the relation of erosion to slope and outlet stream flow. 1 2 
12The curves of figure 11 are plotted from the equation 
E=4.4 S" 5Q 
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Time-Rate of Erosion 
The rate at which the Prison Farm soil was eroded during the first measure-
ment about one minute after the stream reached the furrow outlet, and 
again 15, 30,45, and 60 minutes, are shown in figure 12. Averages for 
all 5 experiments (no. 2 excluded) on all of the 10 furrows are shown in 
the lower curve, and for furrow VII only in the upper curve. These 
curves show a significant decrease in the erosion after the first measure-
ment, but no consistent changes in the rate during the four measurements 
after the first one. 
IRRIGATION PRACTICES AND EROSION 
EXCESSIVE soil erosion on irrigated lands is adverse to the perpetuation of permanent agriculture in arid regions. To assure the permanence 
of soil productivity by control of erosion, and also to provide for efficient 
use of irrigation water, it is essential to develop and use irrigation practices 
that will result in a substantial reduction of erosion. 
The rate of erosion caused by natural runoff from rains and melting snow 
cover is sometimes measured in terms of inches depth of soil removed from 
the entire surface during a given time period. Similar computations are 
presented herein based on the experiments above reported, and on assumed 
spacing and length of furrows, and number of irrigations. 
Assumed Factors 
The assumed irrigation factors are as follows: 
(1) That row crops are grown which are spaced 20 inches apart. 
(2) That ther~ are 7 irrigations per season.13 
(3) That the specific weight of the soil is 84.4 pounds per cubic foot. 
(4) That an irrigation lasts for one hourY' 
(5) That the rows are 240 feet long.15 
13There are usually more than this, sometimes as high as 10, but because the furrows 
seem to become more stabilized during the latter part of the season, owning somewhat to 
the leaves of the plants and the discontinuance of cultivation, only 7 are considered. 
HUsually an irrigation lasts longer than this, but because the erosion decreases with 
time, that which takes place after a period of one hour will be neglected. 
I5The rows are usually longer than this, sometimes as long as 660 feet but more gen-
erally about 330 feet. When longer rows are used there will not be as much erosion over 
the entire field as there will be with shorter ones, because when the water approaches its 
silt-carrying capacity its erosive power decreases. However, the length of the rows will not 
have any effect on erosion for the first 240 feet. 
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Forage Experimental Farm Erosion Estimates 
Computations of the depth of soil eroded per year over the entire surface, 
based on the above assumptions and on the Forage Experimental Farm 
experiment 1, on a slope of 0.5 percent; show that a layer of soil Q.0053 
inch thick would be removed annually. Assuming a plow furrow slice of 
7 inches, it would take 1,320 years before this layer of top soil would be 
removed. Assuming 25 years per generation it would be over 52 genera-
tions. In the same experiment on a slope of 3 percent, a depth of 0.304 
inch is removed each year. At this rate in 23 years, the entire layer of top 
soil would have been washed a wa y. 
Experiment 5 with a slope of 3 percent, represents the maximum erosion 
of the experiments on the Forage Experimental Farm. At this rate, a layer 
of soil 0.74 inch thick would be removed annually, and it would take only 
9 Yz years to remove the top 7 inches of soil. 
While such figures are merely suggestive, it is obvious that in the prac-
tice of furrow irrigation on the Forage Experimental Farm soil, erosion 
increases rapidly with increase of furrow slope, being almost negligible on 
slopes of one-half percent, or less, and increasing to an alarming amount 
on a slope of 3 percent. 
Prison Farm Erosion Estimates 
Similar computations for the annual depth of erosion of soil from the 
Prison Farm are based on 9 irrigations per season, a specific weight of soil 
of 90 pounds per cubic foot, and furrow lengths of 200 feet. These com-
putations show, for example, that the erosion from furrow II, having a 
slope of 0.57 percent, with an inlet stream of 15 gallons per minute and 
outlet of 5.6 gallons per minute was only 0.006 inches per year. With an 
inlet stream of 30 gallons per minute and outlet of 19.9 gallons per minute 
from the same furrow, the erosion was 0.27 inches per year. Thus, with a 
furrow slope of slightly more than one-half percent the 7 inches of surface 
soil would be removed in only 26 years, if the inlet irrigation stream was 
30 gallons per minute. 
Furrow X, having a slope of 6.07 percent shows the more alarming rate 
of erosion of 1.7 inches per year with an inlet stream of 15 gallons per 
minute, and 6.5 inches per year with an inlet stream of 30 gallons per 
minute. 
LABORATORY EROSION STUDIES 
T HE effects of size of stream and slope of furrow were studied with three soils in laboratory channels 32 feet long. The silt loam of the 
Forage Experimental Farm (soil 1) was first used for preliminary runs 
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only . A sandy soil from near Deweyville, Box Elder County (soil 2), was 
used for 29 experimental runs, and 15 runs were made in the laboratory 
with soil from the Prison Farm (soil 3). 
Laboratory Soil Erosion Structure 
A 5-furrow wooden erosion structure, supported by hydraulic jacks at 
each end and a fulcrum near the middle, permitted ease of adjustment of 
furrow slopes. 
Water Inlet Structures 
A constant-head water supply tank was constructed in which, during an 
experimental run, water flows upward from the pressure-supply lines into 
the middle compartment of the tank, then through the baffle boards on the 
left to the measuring orifices and through them to the furrows, shown in 
figure 13. Excess water flows over the crest to the right-hand compart-
ment and to a waste-water flume. Thus the pressure head on the orifices 
was kept constant, giving a constant flow into the furrows during a test. 
Experimental Furrows 
Figure 14 shows the outlet ends of the experimental furrows and also the 
method of collecting water and eroded soil in 5-gallon cans. With the use 
of a stop watch and the swinging channel, which is held away from the 
stream by the operator while sampling, the time period of collecting the 
samples is accurately measured. 
Water Surface Slopes and Furrows 
Equipment and procedure for measuring accurately the slope of the water 
surface during an experimental run are- also shown in figure 14. The 
research assistants, shown in the figure, are measuring the distance from a 
fixed plane, the elevation of which is known, down to the water surface. 
From a series of measurements of this kind, the slope of the water surface 
in each furrow was determined. 
A typical set of V -shaped eroded furrows after a test with soil 2 is 
shown in figure 15. Procedure in re-shaping the V furrows for a new 
experimental run is illustrated in figure 16. 
Fig. I3-Con tant-head water sup-
ply tank, showing baffle 
board and adjustable over-
flow ere t 
Fig. 14--Mea uring slope of water surface in flume furrows 
Results of Laboratory Tests 
A condensed n:~llme of the results of the laboratory tests is presented 
in table 6. Four preliminary tests, designated a, b, c, and d, were made 
with soil 1 after it had been in the flumes several weeks. There was no soil 
erosion in any of the 4 tests, although in test d, a stream of 20 gallons per 
minute was used on a slope of 2 percent. The only test that produced a 
measurable erosion with soil 1 was with 4 percent slope and 20 gallons per 
minute, and the average amount of dry soil eroded from each of the 5 
furrows was 16.1 pounds in a one-hour test. 
Soil 2 was used in tests 2 to 30, and soil 3 in tests 31 to 45. For erosion 
tests 2 to 21, the soil was compacted substantially as in the field but no 
tests of apparent specific gravity were made. For erosion tests 22 to 30 
the apparent specific gravity ranged from 1.44 to 1.58; whereas with soil 
3 in tests 31 to 45, it r anged from 1.37 to 1.72. 
Fig. I5-Irrigation furrows in the 
flume channels after an 
cxnerimental measurement 
Fig. 16-Reshaping the soil in experimental furrows after an erosion test 
Measurement of Streams 
The stream in each furrow was measured at the inlet to the furrow and 
again at the outlet. Orifices were used for measuring water at the inlet. 
Table 6-POll11ds of dry soil eroded pel' hour from the 32-foot laboratory flume in each of 
45 tpsis, with different si;:;e streams, furr01I1 slopes, al1d soils 
4 6 7 
Slope 
Stream W' ater 
Test used- Furrow surface Erosion 
number Apparent gallons before during Sampling pounds 
Date of and specific per test test period per 
test time" gravity minute percent percent seconds hour 
1940 Soil number I-Forage Experimental Farm 
a 10.0 1.0 0 None 
b 10.0 1.5 0 
c 10.0 2.0 0 
d 20.0 2.0 0 
Dec. 14 20.0 4.0 15 16.1 
Soil number 2-Box E lder County sand 
Dec. 24 2 (5) . ... :j: 5.0 0.2 No sample None 
Dec. 24 3 (40) ... :j: 10.0 0.2 30 
Dec. 26 4 (37) . . :j: 5.0 0.6 50 
Dec. 26 5 (28) :j: 10.0 0.6 30 
Dec. 27 6 (23) . :i: 15.0 0.6 15 egligible 
Dec. 28 7 .... :j: 4.9 1.2 1.07 45 2.9 
Dec. 30 8 . . :j: 10.3 1.2 .89 20 9.2 
Dec. 31 . :j: 15.1 1.2 .85 15 16.2 
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Table 6-continued. 
4 6 7 
Slope 
Stream \'V'ater 
Test u sed- Furrow surface Erosion 
number Apparent gallons before during Sampling pounds 
Date of and spec ific per test test period per 
test time'; gravity minute percent percent seconds hour 
1941 
J an. 18t 10 .... :j: 5.1 2 .0 1.76 45 18 .7 
Jan. 25 11 . :j: 10.4 2 .0 1.78 20 30 .9 
Feb. 1 12 · . :j: 15.4 2.0 1.78 15 30.6 
Feb. 14"1 13 . :j: 4.7 1.6 1.52 45 8.7 
Feb. 17t 14 · . :j: 5.0 2.4 2.14 45 37.1 
Mar. 22t 15 . :j: 5.0 2.8 2.49 45 38.3 
Mar. 29"1 16 · .:l: 4.8 3.2 2.86 45 65 .5 
Apr.5t 17 .. . . :j: 4.9 3.6 3.29 45 71.1 
Apr. 12t 18 . . . :j: 4.9 2 .8 2.47 45 62 .0 
Apr. 23t 19 . . . . :j: 4.9 2.2 1.92 45 32.5 
May 3 20 · . :j: 10.3 2.4 20 168 .0 
May 10 21 .. .. :j: 10.2 2.8 20 190.0 
June 3 22 (flat) 1.44 5.2 1.2 1.20 45 1.9 
Junel0 23 1.50 5.2 1.6 1.55 45 4 .3 
June 11 24 1.53 5.2 2.0 1.91 45 9.1 
June 13 25 1.56 5.3 2.4 2 .18 45 20.8 
June 16 26 1.56 5.2 2 .8 2.49 45 33.3 
June 18 27 1.58 5. 3 3.2 2.81 45 66.3 
June 20 28 1.58 5.2 3.6 3.07 45 86.3 
June 25 29 1.57 5.2 3.6 45 97.1 
June 27 30 1.56 5.2 3.0 45 39.1 
Soil number 3-Prison Farm 
Dec. 27 31 1.37 5.0 1.0 1.01 30 5.7 
Dec. 27 32 1.37 10.0 1.0 1.01 20 18.0 
Dec. 29 33 1.37 15.0 1.0 1.01 15 26.6 
1942 
Jan. 3 34 1.72 5.0 1.0 1.11 40 8.8 
Jan. 5 35 1.72 10.0 1.0 1.17 20 23 .0 
Jan. 5 36 1.72 15.0 1.0 1.17 15 32.9 
Feb. 7 37 1.67 5.0 2.0 1.96 40 30.8 
Feb. 9 38 1.67 10.0 2.0 2.00 20 59 .2 
Feb. 9 39 1.67 15.0 2 .0 1.91 15 79.7 
Mar. 23 40 1. 66 5.0 3.0 2.89 40 60.0 
Mar. 24 41 1. 66 10.0 3.0 2.80 20 138.6 
Mar. 24 42 1.66 15.0 3.0 2.74 15 121.0 
May 2 43 1.58 15.0 3.0 2.85 15 260.8 
May 2 44 1.58 10.0 3.0 2.72 20 76.5 
May 2 45 1.58 5.0 3.0 2 .69 40 15.2 
':·The time used in each test was sixty minutes, except for the times shown by numbers in 
parentheses following the test number. 
tFurrows reshape before each rUIl . 
:j:Same as in the field condition. 
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At the outlet the water delivered from each furrow to the 5-gallon collect-
ing can, in time periods from 15 to 45 seconds, was weighed, and thus the 
size of the stream was determined. 
Slope Measurements 
The slope of the bottom of each furrow was measured with an engineer's 
level before each experimental test and in most of the tests the water sur-
face slope was measured during the test. Also, after the tests were com-
pleted, the slope of the furrow was measured again. It was found usualiy 
that the water surface slope and the slope of the furrow following the 
tests were identical. The figures in columns 5 and 6 of table 6 show that 
in general the water surface slopes were less than the slope of the furrow 
before the experimental test. This difference in slope indicates that some 
of the soil eroded from the upper ends of the furrows was deposited in the 
lower ends. 
Amounts of Soil Eroded 
The amounts of soil eroded from the furrows, as reported in pounds per 
hour in table 6, represent in each case the average of 25 measurements. 
Five measurements were made of the soil eroded from each of the 5 furrows, 
one immediately after water reached the lower end of the furrow, and one 
at each 15-minute period until the end of the one-hour test. The maximum 
erosion of 260.8 pounds of dry soil in 1 hour, as found in test 43, was 
caused with a stream of 15 gallons per minute on a slope of 3 percent with 
soil 3. 
Reshaping Furrows 
Tests nos'. 2 to 9 were conducted without reshaping furrows. Probably 
the amounts of erosion in tests 3 to 9 and 11 and 12 would have been 
much greater than the amounts shown in table 6 if the furrows had been 
reshaped each time. For example, the erosion in test no. 12 with 15.4 gal-
lons per minute on a 2 percent slope was substantially the same as that 
of no. 11 in which only 10.4 gallons per minute were used on the same 
slope. This suggests that the more-easily eroded soil had been removed 
in tests 10 and 11. 
In order to make the results of tests 13 to 19 more nearly comparable 
with respect to the condition of the soil, the furrows were reshaped before 
each test. In tests nos. 22 to 30 also, the furrows were reshaped before 
each test. 
Using soil 3 in tests 31 to 45, the soil in the furrows was reshaped 5 
times; twice for the 1 percent slopes used in tests 31 and 34, and once 
for each of tests 37,40, and 43. 
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Comparison of tests 40 to 42 with 43 to 45 shows the effect of lack 
of reshaping furrows when different size streams were used. For example, 
immediately after reshaping the furrow, a 5 gallon-per-minute stream on 
a 3 percent slope caused an erosion of 60 pounds per hour, whereas the 
same size stream on the same slope caused an erosion of only 15.2 pounds 
per hour after a 15 gallon-per-minute stream and 10 gallon-per-minute 
stream had been run through the furrows. 
Influence of Shape of Furrow 
The nine laboratory tests, nos. 7, 10, and 13 to 19, inclusive, made during 
the period December 28, 1940 to April 23, 1941, were made with soil 2 
in V-shaped furrows with a stream closely approximating 5 gallons per 
minute. The stream ranged from 4.7 gallons per minute in te~t 13 to 5.1 
in test 10. The pounds of soil eroded in these tests are presented in table 
6 and also in figure 17, curve A. 
During June 1941, nine laboratory tests, nos. 22 to 30, were made in 
the rectangular wooden channels with flat soil beds using soil 2, and 
streams of 5.2 and 5.3 gallons per minute. The furrow bed slope ranged 
from 1.2 up to 3.6 percent and the weight of soil eroded in one hour 
hour ranged from 1.9 to 97.1 pounds. The relation of erosion to slope for 
these flat-soil-bed furrows is shown in table 6 and in figure 17, curve B. 
During the period December 27, 1941, to May 2, 1942, tests nos. 31 to 
45 were made in V-shaped furrows with soil 3 from the Prison Farm and 
with streams of 5, 10, and 15 gallons per minute. In 4 of these tests a 
stream of 5 gallons per minute was used. The results of these 4 tests, in 
which the slope ranged from 1.0 to 3.0 percent, are given in figur~ 17, 
curve C. 
The comparison of curves A and B shows that the erosion of soil 2 for 
slopes of 3.2 percent or less was appreciably higher from the V-shaped 
furrows than it was with the same soil from the rectangular channels 
having flat-furrow bed. This difference is probably a result of the fact 
that for these slopes, the 5 gallon-per-minute stream spread entirely over 
the flat soil bed of the rectangular channel and consequently the velocity 
was relatively low for a particular slope. However, for the higher slopes of 
3.2 percent up to 3.6 percent the stream in the rectangular channel con-
centrated in its eroded channel and thus made a V-shaped channel from 
which erosion increased rapidly. 
The results with V -shaped furrows shown in curve C are not strictly 
comparable with those with flat-furrow bed shown in curve B because 
different soils were used. It is thought, however, that the data of the 
curve suggest also that with V -shaped furrows the erosion on the smaller 
slopes is higher than it would be with flat furrows. 
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Influence of Furrow Slope 
The results of the laboratory tests presented in columns 5 and 8 of table 
6, almost without exception, show significant increase in erosion with 
increase in slope of furrow regardless of the differences in soils, shape of 
furrows, and in the size of the stream used in the test. Figure 17, already 
considered in relation to the influence of furrow slope, shows clearly that 
the furrow slope is a major factor influencing the amount of erosion, as 
evident from the following group analyses. For both soils and both types 
of furrows, as shown by analysis of figure 17, with slopes between 1.0 and 
2.0 percent, the erosion was less than 20 pounds per hour in 8 of the 10 
tests, and but a little over 30 pounds per hour in the other 2. With slopes 
from 2.0 to 3.0 percent, 5 of the 9 tests show less than 40 pounds per 
hour and 4 show a little more than 60. With the 3 tests in which the 
slopes were over 3.0 percent, the erosion was greater than 60 pounds per 
hour in 1 and between 80 and 100 pounds per hour in the other 2, 
The general trend of increase in erosion with increase in slope based on 
the results of the 22 laboratory tests with 5 gallon-per-minute streams is 
shown in figure 18.16 
Size of Stream and Erosion 
The general trend of the relation between erosion and size of stream is 
pres en ted in figure 19. It represents 3 different stream sizes, namely 5, 10, 
and 15 gallons per minute, each plotted with slopes of 1 and 2 percent. 
The figure shows, for example, with the 1 percent slope, that the erosion 
was less than 10 pounds per hour with 5 gallons per minute, and a little 
more than 20 pounds per hour with a stream of 10 gallons per minute. On 
2 percent slope the curve shows an erosion of approximately 30 pounds per 
hour for 5 gallons per minute, and nearly 60 pounds per hour for 10 gallons 
per minute. 
Time-Rate of Erosion 
In the laboratory studies with V-shaped furrows, the highest rate of erosion 
occurred immediately after the stream reached the lower end of the furrow 
as shown in figure 20. 
Curve A of this figure is based on a flow of 5 gallons per minute, on soil 
no. 2, and on 8 tests, nos. 7, 10, 13 to 17, inclusive, and 19. Each point on 
16The curve of figure 18 is based on probable relations considered in footnote 10, and 
plotted from the equation: 
E=0.8 S2.j Q 
Table 6 shows 25 tests with a 5 gallon-per-minute stream. In tests 2 and 4 there was no 
erosion, and the data of test 45 are not plotted in figure 18. 
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Fig. 18-The relation of erosion to furrow slope as shown by 22 laboratory experiments 
with a stream flow of approximately 5 gallons per minute in each experiment 
the curve, therefore, represents an average of 40 measurements. The de-
crease in time-rate of erosion during the advance of the hour is not large, 
the rate being 33 pounds per hour at the beginning and 21 pounds per hour 
at the end. 
Curve B represents results with soil .3 in the 10 tests, nos. 34 to 43, 
inclusive. Each point on the experimental curve B represents 50 measure-
ments. The stream flow for the results presented in curve B was 5 gallons 
per minute in 3 tests, 10 gallons per minute in 3 tests, and 15 gallons per 
minute in 4 of the tests. The higher time-rate of erosion shown in curve 
B in all of the tests reflects the erosive effect of the larger streams used. 
It is noteworthy also that the decrease in time-rate of erosion is much more 
marked in curve B than in curve A. 
Curve C represents results with soil 3 in three laboratory tests, nos. 
34, 37, and 40. In each of these tests, shown in curve C, the size of stream 
was 5 gallons per minute. Therefore, since curve B shows averages for 
streams of 5, 10, and 15 gallons per minute, the major difference in the 
experiments for curves Band C is in the size of stream. The average rate 
of erosion for the three different size streams at the beginning of the hour 
was 122 pounds per hour as shown in curve B as compared to 49 pounds per 
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Fig. 19-Influence of size of stream on erosion of soil 3 fr om laboratory flumes of 1 per-
cent and 2 percent slope 
hour as shown in curve C. Each point on curve C is the average of 15 
measurements. Figure 20 shows that curves Band C tend to converge. 
They are farthest apart for the measurement at the beginning of the hour 
and closest togeth~r for the measurement at the end of the hour. 
Curve D is based on 9 tests, nos. 22 to 30, inclusive, using soil no. 2 
and a stream of 5 gallons per minute; each point is based on 45 measure-
ments. The factor of special importance to note in curve D is that it 
represents erosion from flat furrows. It differs from time-rate curves 
A and B and also from the time-ra te curve shown in figures 10 and 12, 
by representing an increase in erosion with advance of time after the 
beginning of the hour. This difference is attributed to the fact that the 
streams gradually developed special channels in which the velocity was 
increased, and therefore erosion increased as time advanced. The major 
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change occurred during the first half hour when the average time-rate of 
erosion increased from 24 up to 46 pounds per hour. During the last half 
hour the change was negligible; hardly enough to be measured, and indi-
cates a slight decrease in the rate. 
APPLICATION OF RESULTS OF 
EXPERIME~TS 
T HE results of the erosion studies reported herein may be used as a guide for improvements in farm irrigation practices by agricultural tech-
nicians and irrigation farmers where soil conditions are similar. The area 
of irrigated land in the west having slopes from 2 percent to 12 percent 
or more constitutes a substantial percentage of the total irrigated area. 
Moreover, the irrigated lands which have the steeper surface slopes, are in 
general well drained, free from alkali, and highly productive when properly 
irrigated. These lands are suited to orchards, vineyards, gardens, and other 
intensively cultivated crops which yield high returns per acre. 
Irrigation Water Control Essential 
In order to prevent excessive soil erosion in the irrigation of lands having 
slopes of 2 percent and higher, it is essential for the irrigator greatly to 
improve the control of his irrigation water. The use of underground 
pressure pipe distribution systems on the farm contributes substantially to 
water control; either metal pipe or concrete pipe may be used. 
Present conditions offer favorable opportunity for greatly extended use 
of pipe lines on irrigated farms in Utah, and also for the construction of 
metal or concrete surface ditches to facilitate water control. 
Flow in Irrigation Furrows 
It must be remembered that erosion depends not only on the slope of the 
furrow, but also on the size of the stream in each furrow. Irrigation far-
mers, to control erosion, must guard against excessively large streams of 
water in the furrows. 
The size of stream most appropriate for furrows of given length on a 
particular slope is greatly influenced by the permeability of the soil. 
Streams larger than 15 gallons per minute in each furrow are justified for 
intertilled crops, if at all, only in soils of unusually high permeability to 
avoid excessive deep percolation losses when the irrigator uses long irriga-
tion furrows. 17 The irrigator's experience on his own farm is a valuable 
17 An irrigation stream of 2 cubic-feet per second, or 900 gallons per minute, divided 
into 30 streams of equal size would provide 15 gallons per minute for 60 furrows. 
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guide to the proper size of stream. It may be advisable in the interest of 
practical water management to use a larger stream during the time required 
for the water to reach the lower end of the furrow, and then to reduce 
the size to just the amount that will reach the lower ends of the furrows. 
I t is not the purpose of this bulletin to describe the several devices for 
control of the quantity of water in the furrow. Suffice it here to say that 
such control is essential to the prevention of excessive erosion and to 
satisfactory penetration of water- into the soil during the time of irrigation. 
Inspection of Erosion 
Irrigation farmers do not need to make many measurements of the weight 
of soil eroded, such as the measurements reported in this bulletin, in order 
to ascertain whether or not erosion is excessive. The authors have seen on 
many occasions sugar beet lands in Utah in which, after the first irrigation 
of the season, the furrow depths near the head ditches have been eroded from 
1 to 4 inches. On the other hand, the lower ends of these furrows have 
been completely filled with the soil eroded from the upper ends. This 
inspection of erosion can be made easily by the farmer in connection with 
the irrigation of nearly all furrow-irrigated crops. On the basis of the 
data reported in this bulletin, and with improved methods in the construc-
tion of farm ditches and outlets to furrows, and the use of pressure pipe 
and valve control outlets, irrigation farmers can by careful inspection 
greatly reduce erosion and conserve soils. 
CONCLUSIONS 
T HE erosion studies in irrigation furrows reported are regarded as pre-liminary. Much more comprehensive erosion research is essential to 
form the basis of final and definite conclusions. However, the following 
preliminary or tentative conclusions are believed to be supported by the 
experimental data: 
1. Irrigation furrow slopes of 2 percent and higher are excessive and 
cause harmful erosion during the irrigation of loose silty loam and sandy 
loam soils when streams of 10 gallons per minute, or more, are run into 
each furrow. 
2. Doubling the furrow slope more than doubles the erOSIOn of loose 
silty loam and sandy loam soils. 
3. The erosion on a given furrow slope is dependent on the size of irriga-
tion stream and length of furrow, and doubling the stream more than 
doubles the erosion. 
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4. In furrow slopes of 3.0 percent, or smaller, the erosion is less from 
flat furrows than from V-shaped furrows, and on slopes of 3.0 percent, 
or higher, the erosion is greater from flat furrows. 
5. The erosion of loose soil from V-shaped furrows is a maximum 
at the time when the water first reaches the lower end of the furrow, and 
it decreases as time advances. 
6. Under the conditions of the studies here reported, collecting samples 
of the water and eroded soil at furrow outlets as a mea~s of measuring 
amount of erosion is superior to cross-section method, with which results 
obtained were unsatisfactory. 
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